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Twenty Five Years of DNA Analysis

• Established ICI (Astrazeneca) in 1987

• Specialist Forensic DNA analysis

• One of Europe’s largest paternity testers

• Contracted to >80% of UK police forces

• Approx 475 UK employees

• A LabCorp company since 2011

../../../users/rderbyshire/My Documents/2012/dhartshorne.ORCHIDBIO/Desktop/extraction.mov
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Background to the problem

• The increasing sensitivity of DNA analysis methods and their 
use in a wider range of case types has resulted in more 
mixtures:



Interpretation procedures prior to likeLTD

• Match probability for single source profiles (or major/minor)

• LR method for 2 person mixtures where both individuals are 
fully represented

• “Dlugosz” expert opinions without statistical evaluation of the 
match in a limited number of  cases

– Court of Appeal Ruling R v Dlugosz, R v Pickering and R v MDS 
([2013] EWCA Crim 2)



Distribution of DNA results - volume crime

Based on 9165 samples (3 months data)



Breakdown of mixture results



Profiles suitable for analysis

• Low level mixture

• 2 contributors?

• Suspect + unknown

• Allele dropout

• 3 replicates



Profiles suitable for analysis (continued)

• 3 contributors?

• Suspect + victim + 
unknown

• No apparent dropout

• 2 replicates



DNA Resolve – Cellmark Forensic Services

• Uses likeLTD software written by Prof. Balding (UCL London) 
combined with a Cellmark user-interface

• Models allele drop-out using Tvedebrink statistical model

• Option to include allele drop-in 

• Can deal with a maximum of 2 unprofiled contributors in a 
mixture

• Multiple replicates can be analysed



likeLTD input files (.csv)

• Crime  stain file

• Reference File

Stain Profiling system Plate/Run D3 vWA D16 D2 D8

CSP SGM+ F2 Allelic 14,15,16,17,18 14,15,16,17,18 10,11,12,13 17,18,24 10,13,14,15

CSP SGM+ Uncertain 13 16

CSP SGM+ G2 Allelic 14,16 15,16,17,18 10,11,12,13 17,18,25 10,12,13,14,15

CSP SGM+ Uncertain 15 9 16,19

CSP SGM+ H2 Allelic 14,15,16,17 14,16 10,11,12,13 17,18 10,13,14,15

CSP SGM+ Uncertain 15 25

CSP SGM+ B3 Allelic 14,15,16,17,18 14,15,16,17,18,19 9,10,11,13 17,18,20,25 10,12,13,14,15

CSP SGM+ Uncertain 13 12 24

Individual known/queried D3 vWA D16 D2 D8 D21

Suspect queried 14,16 14,17 11,13 18,24 12,14 28,31.2

Victim known 15 16,20 9,11 23 12,13 28,33.2



Allelic and Uncertain peaks

• Allelic Peaks

• Uncertain Peaks

– Sub-threshold

– Possible Stutter
16 19



Allele report



Allele report (continued)



Allele report (continued)



Evaluation report



Evaluation report (continued)



Input required using R interface



Cellmark user interface



likeLTD validation 

• Establishing that GUI did not affect results

• Repeat tests published by Balding

• Additional testing

• Validated under ISO 9001 certification

• Planning to add to ISO 17025 scope



Tests from likeLTD guide

CSP1 Full profile match to reference Q, single contributor

CSP2 The two replicates of CSP2 differ from reference Q due to 
1 drop in and 2 dropouts

CSP3 One further drop in and two more dropouts have been 
introduced 

CSP4 Two contributors: All the alleles of both contributors 
present in both replicates with no drop in or dropout

CSP5 Introduces random 50% dropout for the alleles of 
unknown 1 (U1) not shared with Q



Tests from likeLTD guide (continued)

CSP6 The opposite situation is considered where there is 50% 
dropout of the alleles of Q not shared with U1

CSP7 In addition to the 50% dropout for the alleles of Q, 50% of 
the alleles of U1 generate stutter peaks that are classified 
as uncertain 

CSP8 Random 50% dropout affects both the alleles of Q and U1



Additional validation tests

• Effects on the LR value of increasing levels of Fst for 
Caucasian, Afro Caribbean and Asian frequency databases + 
comparison against the reciprocal of the match probability 
calculated using Cellmark’s in house software

• Effect of analysis assuming the defence scenario that the 
donor of the DNA is the suspect’s brother

• Effect of using an incorrect number of contributors



Additional validation tests (continued)

• Comparison of likeLTD against Mixture Analyser software

• Comparison of likeLTD against another probabilistic software 
package (STRmix)

• Effects of using the “uncertain” option for allele calls and 
varying the number of replicates

• Random reference profiles compared against crime scene 
stain

– Single contributor

– Two contributors



Effect of increasing the number of uncertain and negative loci

Reference Q vs. CSP4 - Effect of incresing number of uncertain 

and negative loci 
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Effect of increasing numbers of replicates
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Two person mixtures with reference profile included

Two Person mixtures with Reference profile included
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Two person mixtures with reference profile excluded

Two Person mixtures with Reference profile excluded
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Advantages of likeLTD

• Provides an objective LR value in complex cases

• Can incorporate replicate PCR runs 

• Freely available open source software

• Theoretical aspects published in peer reviewed journals

• Evidence successfully presented in court



Casework issues

• Limited to a maximum of 2 unknown contributors under Hp

• Memory requirements increase significantly with more loci

• Complex profiles can take several days to analyse on a 
standard desktop PC

• Can be difficult for non “R” code users



likeLTD publications



likeLTD guide 

https://sites.google.com/site/baldingstatisticalgenetics/



likeLTD in court

• likeLTD evidence has been accepted without challenge in 
more than 10 trials in the UK

• There have been several admissibility challenges (voir dire) -
all rejected

– Evidence was originally ruled inadmissible in the case of R v MDS.  At 
the subsequent retrial the evidence was again challenged but 
accepted



Summary

• likeLTD has been introduced into forensic casework  following 
internal validation

• Provides objective LR values in complex mixture cases

• Evidence has been accepted in UK courts

Currently evaluating fully continuous probabilistic software



Matthew Greenhalgh

NIST DNA Analyst Webinar Series

Validation and use of likeLTD

18 September 2014

Director of Forensic Science


